Context: Clinicians require portable, valid, and cost-effective methods to monitor knee joint-position-sense (JPS) ability. Objective: To examine the criterion-related validity of image-capture JPS measures against an isokinetic-dynamometer (IKD) procedure. Design: Random crossover design providing a comparison of knee JPS measures from image capture and IKD procedures. Participants: 10 healthy participants, 5 female, age 28.0 ± 13.29 y, mass 60.3 ± 9.02 kg, height 1.65 ± 0.07 m, and 5 male, 29.6 ± 10.74 y, mass 73.6 ± 5.86 kg, height 1.75 ± 0.07 m. Main Outcome Measures: The dependent variables were absolute error scores (AES) provided by 2 knee directions (flexion and extension). The independent variables were the method (image capture and IKD). Results: There was no significant difference between clinical and IKD AES into knee-flexion data (P = .263, r = 0.55). There was a significant difference between clinical and IKD AES into knee-extension data (P = .016, r = .70). Conclusions: Analysis of photographic images to assess JPS measurements using knee flexion is valid against an IKD positioning method, but JPS measurements using knee extension may not be valid against IKD techniques. However, photo-analysis measurements provided a lower error score using kneeextension data and thus may provide an optimal environment to produce maximal knee JPS acuity. Therefore, clinicians do not need expensive equipment to collect representative JPS ability.
Clinicians use knee joint-position-sense (JPS) measurements to assess static knee proprioception ability. 1 This is an important measurement, as it can either identify patients with a JPS deficiency that may lead to an increased risk of knee injury or progress along a proprioceptive-based rehabilitation program. The traditional clinical JPS measurement technique involves passive knee movement by the clinician to a specific target angle, then active reproduction of this angle by the patient. 1 Image capture can be used to collect knee position and hence knee JPS information. However, as the clinician is part of this data-collection process, measurement bias 2 may be introduced to the data. Therefore, an isokinetic dynamometer (IKD) provides an alternate means to position the knee target angle, removing researcher bias. Kiran et al 3 reported high correlations between concurrent measurement of JPS using an IKD, photo analysis, and electrogoniometry. However, all target knee positions were completed by the IKD arm and therefore did not replicate a typical clinical setting. Grob et al 4 did consider the correlation between a self-built low-speed motor and passive researcher positioning techniques on different occasions. Results indicated a poor correlation between the 2 measurements (r = -.2), suggesting that the methods should not be used interchangeably. It is notable that when the target angle was positioned by the researcher rather than a pulley system, participants produced better JPS acuity results. However, the matching method was produced using a visual analog scale, which has limited ecological validity. 1 Smith et al 5 produced a systematic review on the reliability of JPS measurement techniques. Their findings suggested that intrarater reliability depended on dataacquisition techniques; image capture produced greater reliability than electrogoniometry and dynamometry. However, no study has considered the concurrent validity of assessment methods using the same participants. 5 An analysis of the validity of JPS techniques is difficult, as there is no universally accepted "gold standard" method of collecting JPS data. However, the use of an IKD to position a limb at a defined angle is accepted. Therefore, criterion-related, specifically concurrent validity was investigated in this study by comparing a clinical JPS measurement technique with an IKD JPS protocol. Concurrent validity is defined as a comparison between 1 previously validated protocol and a new or previously unvalidated procedure. 6 Clinicians use JPS to measure the effectiveness of a rehabilitation program, so it is imperative that the measurements have concurrent validity. The aim of the current study was to validate measurement of JPS using a clinical researcher passive-positioning technique versus an IKD-positioning technique.
Methods
A convenience sample of 10 healthy participants took part in the study (see Table 1 and Appendix). All were free from lower-extremity injury and neurological disease and had no previous history of significant knee injury or surgery. Participants read an information sheet and provided written informed consent. This study was approved by the university ethics board. The dependent variables were collected using IKD (Humac Norm 776, CSMi, Stoughton, MA, USA) and image-capture procedures. The image-capture equipment included a camera (Casio Exilim, EX-FC100, Casio Electronics Co, Ltd, London, UK) and a tripod (Camlink TP-2800, Camlink UK, Leicester, UK). The camera setup followed the British Association of Sport and Exercise Sciences (BASES) guidelines. 7
Procedures
The study was a random crossover design; hence, participants were tested using both methods, a week apart. Participants wore shorts and removed the sock and shoe from their dominant-leg foot. The participants were prepared for image-capture data collection by placing markers on the following anatomical points: a point on a line following the greater trochanter to the lateral epicondyle, close to the lateral epicondyle (placement of a marker directly on the greater trochanter is difficult due to clothing), the lateral epicondyle, and the lateral malleolus of the dominant leg (following Andersen et al 8 ) .
Each participant was seated on the end of an orthopedic assessment plinth and blindfolded (see Figure 1) . The dominant leg was passively moved by the researcher through 30° to 60° of knee extension from a starting knee angle of 90° or through 60° to 90° of knee flexion from a starting angle of 0° to a target angle at an angular velocity of approximately 10°/s. The order of the target angles was randomly allocated using randomly generated numbers. The participant then actively held the leg in this position for 5 seconds. A photograph of the leg in the target position was taken using the camera placed 3 m from the sagittal plane of movement on the fixed-level tripod. The leg was then passively returned to the starting angle, and the participant was instructed to actively move that leg to the target angle and hold it in this position. Another photograph was taken, and the participant instructed to move the leg back to the starting position. The process was repeated 5 times for each target angle on the dominant leg.
Knee JPS measurements were also collected using an IKD. A specific protocol was written (see Table 2 ) to ensure that the IKD passively moved the participant's dominant leg to the predetermined target angles. The participant was seated in the IKD chair but not secured in the chair, as this may have introduced sensory feedback from the popliteal fossa, which was not present in the clinical trials. Once the center of rotation of the dominant knee had been correctly aligned to the center of rotation of the IKD lever axis, the leg was strapped to the lever and the participant blindfolded. The IKD protocol then passively moved the leg through 30° to 60° of extension from a starting knee angle of 90° or through 60° to 90° Abbreviations: BMI, body-mass index; GPPAQ, General Practitioner Physical Activity Questionnaire; KOOS, Knee injury and Osteoarthritis Outcome Score (the closer the score to 100, the better the knee condition); Lysholm, Lysholm Knee Score (the closer the score to 100, the better the knee condition); Tegner, Tegner Activity Scale (the closer the score to 10, the more physically active) (see Appendix for more details). of flexion from a starting angle of 0° to a specified target angle at an angular velocity of 2°/s. Target angles were randomly selected across the range of motion. The leg was held in this position for 5 seconds and then returned to the starting angle. The participant was then instructed to move the leg to the target angle and hold, at which point the experimenter noted the knee angle using the IKD software. This process was repeated 5 times for both knee extension and flexion.
Data Reduction
Knee angles were measured from the image-capture data using 2-dimensional manual digitizing software (ImageJ, US National Institutes of Health, Bethesda, MD, USA, http://imagej.nih.gov/ij/, 1997). Knee JPS was calculated from the average delta scores between target and reproduction angles across 5 flexion and 5 extension trials, producing absolute error scores (AES) in which only magnitude was measured. Interexaminer and intraexaminer reliability were confirmed using intraclass correlation coefficients (ICC 2,1). 9 The ICC value corresponding to interexaminer reliability was .98, and 95% confidence intervals ranged from .96 to .99. The ICC value for intraexaminer reliability was .96, and 95% confidence intervals ranged from .91 to .98. Therefore it can be confirmed that interreliability and intrareliability of the data-analysis method were at an acceptable level. Test-retest reliability was confirmed before the current study; knee-extension trials provided an ICC of .89 and knee-flexion trials an ICC of .92. AES scores from IKD data were calculated by subtracting the reproduction angle from the target angle set in the protocol. The averages of the 5 extension trials and 5 flexion trials were used for further analysis in each condition (photo analysis and IKD).
All statistical analysis was completed in SPSS (Version 19, IBM Corp, Armonk, NY, USA). The ShapiroWilk test was used to examine normality of data, which was confirmed. Related-samples t tests were used to compare clinical and IKD JPS scores. An alpha level was set at P < .05. The corresponding t statistic and degrees of freedom were used to calculate effect size (r). 9 
Results
There was no significant difference between imagecapture AES (3.7° ± 1.4°) and IKD AES (4.3° ± 1.8°) knee-flexion data (P = .263, r = .55). There was a significant difference between image-capture AES (2.5° ± 0.7°) and IKD AES (4.3° ± 1.9°) knee-extension data (P = .016, r = .70).
Discussion
Clinicians use JPS to measure the effectiveness of a rehabilitation program and identify patients who may be more at risk for knee injury, so it is imperative that the measurements be valid. Criterion-related validity was confirmed for knee-flexion JPS; there were no differences between JPS in a clinical and IKD setting (P = .263, r = .55). However, knee-extension JPS using an image-capture technique was different than an IKD-based technique (P = .016, r = .70). The IKD data provided significantly greater error scores than the image-capture data for knee extension. This supports previous evidence that JPS measurement techniques should not be used interchangeably; however, passive positioning by a researcher may provide a more optimal environment for maximal JPS performance. 4 It is possible in the IKD setting that participants had to adapt to the addition of the lever arm increasing the mass of the leg and the torque required to extend the knee; hence, effort was not as natural when compared with the image-capture setting and ecological validity was reduced. This may not have the same effect on knee flexion, as the torque required in this direction would be assisted by gravity. Another feasible explanation was the seating in both tests. In the image-capture test condition participants were seated on the edge of a plinth and hence were not conscious of a back rest and could use pelvis rotation to assist knee extension and the associated hamstring lengthening. Previous research suggests heightened afferent information when muscles are lengthened. 10 In the IKD setting participants were seated on the edge of the seat and not supported by the back rest but may have been less likely to use pelvis rotation to assist knee extension and hence perhaps use a less natural (more resistance to) knee-extension movement. Therefore, a clinical setting may provide a more "optimal" environment for knee-extension JPS measurement, as ecological validity is increased.
Results of this validity study have important implications for clinicians. The image-capture measurement of knee JPS with passive positioning of target angles produced similar (knee flexion) and improved (knee extension) AES compared with the IKD setting. This suggests that a clinical measurement technique provides a more optimal environment and "best scores" for JPS than an IKD setting. Therefore, knee JPS can be measured in a clinical setting using cheap and easily accessible equipment; expensive IKD equipment is not necessary.
